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Portland Cements which are not seriously affected 
by large additions of Water. 


At the Technological Laboratory of Building Materials and Ceramics of the 
Technical College of Bucharest, Professor Serban Solacolu has undertaken in- 
vestigations on the effect of large additions of water on the strength of different 
Portland cements. This is a subject of considerable importance when it is desired 
to use very wet concrete or grout, due to the serious decrease in strength which 
occurs with increases in the water-cement ratio. The following is an abstract 
of Professor Solacolu’s report on the investigations. 


Hydraulic Factors and Composition of Cements which are 
Insensitive to Large Additions of Water. 

In order to include all Portland cements in which the hydraulic factors (silica 
modulus, alumina modulus, and lime standard) change, and to be able to compare 
and describe the large number of results of the tests, the following system was 
adopted. In Fig. 1 the silica and alumina moduli of each cement are referred 
to a system of co-ordinates with two axes. Every point in the diagram therefore 
represents a cement with definite moduli. 

“5 SiO, _ Al,Os; 
*"~ Al,O3 + Fe,0,’ Fe,0, 
As the lime standard is the same for all cements it has been omitted from both 
functions, and since practically all cements used to-day are highly saturated 
the lime standard is given as K = 98. The lime standard was calculated for 
all cements by Lea and Parker’s formula 
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CaO 
2.8 SiO, + 1.18 Al,O, + 0.65 Fe,0,’ 
which is almost identical with Kihl’s expression 
‘ CaO 
K = 100-—>= ———— . 
2.8 SiO, + 1.1 Al,O; + 0°7 Fe,O; 

A second diagram was made for those cements with lower lime ‘saturation 
(K = g2 to 95), and this includes all cements with their silica and alumina 
moduli. Here the cements were divided into the following groups : 

Portland cements: My = 1°8 to 2:5, 
M, = 1'5 to 2:4. 





K = 100 





High-silica 
Portland cement : M, greater than 2°5, 
By == TRO era. 
Low-silica 
Portland cement : M, less than 1°8, 
M, = I°5 to 24. 
Alumino-Portland 
cement : M, more than 2-4. 
Iron-Portland 
cement : M, less than 1°5 in three types, Kihl, Ferrari, 
and Michaelis. 
Fig. 1 represents the system M,;— M,. The cements examined are indicated 
by points. Only those Portland cements with the upper limit of lime saturation 
(K = 98) were taken into account, since these are the most important to-day. 
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Fig. 1. 


Thefobject was to show the relation between the chemical composition of the 
cements (hydraulic factors) and their sensitiveness to large additions of water, 
but, as is known, the quality of a cement depends upon physical factors, the so- 
called ‘‘ previous history,” the nature of the raw material, its fineness, the degree 
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of burning, the fineness of the clinker, the storing of the cement, etc. The cements 
used in the experiments were so made that the physical factors remained as far 
as possible unchanged, and the chemical and hydraulic factors alone determine 
the variations. 

The Raw Material.—In the production of the cements both natural raw 
materials, such as limestone and clay, and also purely chemical products such 
as precipitated silica (SiO,), iron oxide (Fe,O,), aluminium oxide (Al,O3), calcium 
carbonate (CaCO;) were used. The burning took place at comparatively low 
temperatures, as we started with natural raw materials to which fixed quantities 
of the pure oxides were added so as to obtain the prescribed moduli. The pro- 
portions of the raw materials were calculated exactly according to analytical 
data. The raw materials were of equal fineness, and were mixed by the wet 
process. The raw slurry was thickened to a suitable consistency and shaped 
into balls or pats. 
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Fig. 2. 


Burning and Grinding the Clinker.—The burning was done in an 
electric furnace to which air was allowed access. The mixture of raw materials 
was put into the furnace on a platinum plate, and the temperature was measured 
by a thermocouple. The method was similar to that described by Kiihl. The 
clinker was burned to such a degree that the lime was almost completely com- 
bined. For every temperature a determination of the free lime was made accord- 
ing to the methods of Emley or Lerch and Bogue. Fig. 2 shows the burning 
temperature at which the cement was made and the content of free lime. It is 
seen that the free lime content of all the cements lies between 0-1 per cent. and 0°5 
per cent. The cement was, therefore, burned to the same degree so that the same 
free lime content was obtained. 

The clinker was ground in a laboratory mill and 3 per cent. of gypsum was 
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added to all the cements. All the cements had the same degree of fineness, 
viz., a residue of 5 per cent. on a sieve of 4,900 meshes per sq. cm. 

Testing Methods.—The normal consistency of the cement was tested on 
small pats, and the setting times were determined with a Vicat needle on small 
specimens, as described by H. Richler. 

The sensitiveness of the cement to large additions of water was determined 
in the following way. First, the strength of the cement was determined with a 
minimum addition of water (water-cement ratio W = 0-3), then the strength 
of the same cement with a surplus of water (water-cement ratio W = 0:5) was 
found. The “ miniature testing process’ of Kiihl is only applicable when the 
water-cement ratio is equal to 0-4, as the excess of water squeezes out of the 
mortar when specimens having a higher water-cement ratio are compressed. 
A new method had therefore to be found. Two courses were available, namely, 
(rt) To use specimens of cement mortar prepared with a fine sand necessitating 
a large quantity of mixing water, or (2) Using specimens made from plastic or 
slurry-thick cement paste poured into suitable moulds. 

The first proved impracticable for the following reasons. It was found that 
every water-cement ratio needs a sand of a certain fineness so that the specimens 
do not crumble or lose water when rammed or pressed. For this reason it would 
have been necessary to use a different sand for every water-cement ratio, and 
the resulting new variables (the influence of different kinds of sands on the strength) 
would have made the comparison of the strengths impossible or at least more 
complicated. The second method was therefore adopted, making the specimens 
from plastic cement paste shaped as prisms and measuring I cm. by I cm. by 
3 cm. We therefore took Kiihl’s small dimension, while the construction of 
the mould, and the pouring, tamping and moulding closely followed Dr. 
Graf’s process. 

The mould consisted of a metal plate on which were movable staves 
provided with grooves, in which fit cross pieces 3 mm. thick. These cross- 
pieces form the side walls. The mould is fastened by screws. The mould 
had twenty-two compartments. When pouring and tamping a cover box 
was used. 

Samples of every cement were made with water-cement ratios of W = 0:3 
and W = 0:5. A water-cement ratio W = 0-6 proved to be inapplicable because, 
when pouring, a strong inclination to segregate was noticed and this would have 
prevented an exact result being obtained. This process, using plastic cement 
paste, had the advantage of being similar to the testing process for oil-well cements, 
and the results of the investigations can be applied also to thése cements. When 
the specimens are made with care, the test results agree and are reproducible. 

The specimens were kept in a moisture saturated room for twenty-four hours, 
and then withdrawn from the mould and kept in a room with an air temperature 
of + 20 deg. C. and relative humidity of 60 to 80 per cent. After twenty-one 
days the specimens were tested by means of the Kiihl bending tensile strength 
apparatus. The results of the tests were multiplied by the factor 20 and ex- 
pressed as “ miniature bending tensile strength ”’ in kg. per square centimetre. 
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The difference between the strengths of the cement with the water-cement ratio 
W = 0°3 and that with the water-cement ratio W = 0°5 x 100, when divided 
by the strength of the cement with W = 0:3, gives the sensitiveness 4 of the 
cement to excess water in per cent. 
i Twos. — Twos ; 
Twos 
Normal Consistency of the Cements in the System Ms — Ma.—The 
change in normal consistency of the cement with respect to the hydraulic factors 
is given in Fig. 3. For every cement the percentage of water for maintaining 
normal consistency was calculated. At the same time the zone of equal con- 
sistency was also determined, and for every zone the requisite quantity of water 
for obtaining normal consistency is given. 


The smaller the alumina and silica moduli, the smaller are the necessary 
quantities of water. For example, with iron-Portland cement the normal con- 
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sistency is obtained with 26 to 27 per cent. addition, and with Portland cement 
with 30 to 32 per cent. addition of water. 

The higher the alumina moduli and the richer the cements are in silica, the 
greater are the quantities of water required to attain the normal consistency. 
The consistency, the plasticity, and the viscosity of the cement paste are also of 
importance in concrete work. Plasticity and viscosity are also of importance 
when cement grout is to be used in oil wells. Some are inclined to think 
that the plasticity is improved by increasing the fineness, but the chemical com- 
position of the cement must be taken into account as well as the physical factors. 

Setting Time of the Cements in the System Ms — Ma.—The setting 
time, determined with a Vicat needle on small specimens of normal-consistency 
paste at + 20 deg. C. according to Richler’s method, gave the results shown in 
Fig. 4. The initial and the final setting times were noted. It is to be observed 
that with the particular cements examined the setting times were shorter than 
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is general ; this was due to the working plan adopted which had to be satisfied 
with small quantities of cement. 

The setting time of a cement of a definite chemical composition is not un- 
conditionally fixed, but is dependent on the burning and cooling of the clinker, 
the fineness, storing, additions of gypsum, and so on. For the cements in the 
experiments all the physical factors.are invariable and only the chemical com- 
position changes. The results are the expression of the setting-time variation 
in relation to the chemical composition of the cement. For these reasons there 
is nothing absolute about them, and only the tendency to change of setting 
times of the various cements will be commented upon. 

Fig. 4 represents the system M, — M,. It contains lines of equal final setting 
times of pastes of normal consistency and shows that each cement area represents 
a different behaviour. 

(a) The iron-Portland cements are characterised by their setting time falling 
with a diminishing alumina modulus. In general, iron-Portland cement of the 
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Kiihl type tends to take longer to set than iron-Portland cement of the Ferrari 
type. lIron-Portland cement of the Michaelis type has a still shorter setting 
time. The setting time increases with a rising silica modulus up to 1°8 to I'9, 
where there is a maximum (line MM’). Silica moduli greater than 1°8 to 1°49 
tend to give a shorter setting time. The iron-Portland cements with the longest 
setting time have a silica modulus of about 1-8 to 1:9. 

(6) Portland cements behave quite differently. With a silica modulus of 2-0 
to 2-2 the longest setting times are obtained. Under and over this limit the 
cements tend to a shorter setting time. Both low-silica and the high-silica 
Portland cements show a shorter setting time. For example, with a silica modulus 
of 1°3 the cements become quick setting. With a rise of the alumina modulus 
to over 2-3, the setting time of the Portland cements is reduced and becomes 
quicker when passing into the area of the alumino-Portland cements. 
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(c) The alumino-Portland cements are characterised by very short setting 
times. They set quickly and for this reason many cements of this kind could 
not be examined. The initial setting times of the cement system M, — M, 
are uniform on the whole, as are the final setting times. 

Mechanical Strengths of the Cements in the System Ms — Ma.— 
The bending-tensile strengths of the cements, corresponding to a water-cement 
factor W = 0-3, are shown in Fig.5. The diagram shows the curves of the cements 
having equal strengths. The general form of the curve is like the diagram pub- 
lished in our earlier work, in which we carried out the tests with 1: 3 cement 
mortar, whereas in the work now described a plastic cement paste was used. 
In both cases the relation of the cement strengths to the chemical factors is the 
same. The absolute values are, of course, different, being generally larger with 
cement paste than with the 1:3 cement mortar. This proves that the law, 
according to which the strength alters with the hydraulic factors, remains un- 
changed if the water-cement ratio is small, whether plastic cement paste or 
mortar is used. 
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Attention ought to be called to the special form of the curves of strengths 
of Portland and iron-Portland cements. As regards general structure, Fig. 6 
shows rising peaks ; one peak covers the area of the Portland cements and the 
high-silica Portland cements, with a highest point in the area of Portland cements 
rich in silica. In this region one highest strength value occurs. Another peak 
lies in the iron-Portland cement area with a maximum on the maximum line 
MM’. The strengths rise in the area with low alumina modulus (iron-Portland 
cement, Ferrari type). To every iron-Portland cement with a fixed alumina 
modulus corresponds a fixed silica modulus at which the strengths are highest. 
The best positions of the silica moduli lies on the line MM’. An increase or a 
reduction of the silica modulus has, as a result, a reduction in strength. 
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An iron-Portland cement of the Kiihl type, having an alumina modulus 1-4, 
has the highest strengths with a silica modulus of 1-3. An iron-Portland cement 
of the Ferrari type, having an alumina modulus of 0-64, has a highest strength 
at a silica modulus of 1-8 to 1-9. This result was obtained in our earlier work, 
although we were then working under different conditions. Later, H. Albert 
found the best strengths of Ferrari cements, having an alumina modulus M, = 
0-64, at a silica modulus M, = 1-6. The differences are certainly small, but exist. 

The bending-tensile strengths of cements having a water-cement factor 
W = 0°5 are shown in Fig. 6. Lines showing the same strength were drawn 
for the cements examined. Once more the Portland cements and high-silica 
Portland cements behaved differently from the iron-Portland cement. The 
Portland cement area is covered by a peak whose summit lies in the area of Port- 
land cements having a silica modulus of 2-0 to 2-1 and an alumina modulus 2-0 
(PP’). The strength value falls with cements having a low silica modulus and 
with those having a high silica modulus. 
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Fig. 6. 


The iron-Portland cement area has a peak outline quite different from the 
Portland cement area. The maximum is in the neighbourhood of the silica 
modulus 1-8 to I-g (maximum line MM’). It is important that iron-Portland 
cements with small additions of water (water-cement ratio W = 0-3) show higher 
strengths than the Portland cements. With an excess of water (water-cement 
ratio W = 0.5) the relation is just the reverse. Iron-Portland cements have a 
lower strength vaiue than Portland cement. With a surplus of water the cement 
strengths tend to diminish, parallel with the alumina modulus. Portland cemenis 
with an alumina modulus of 2-0 show the highest strengths with an excess of 
water, on the other hand the iron-Portland cements of the Kiihl and Ferrari 
type are much more sensitive to large additions of water. 
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Sensitiveness of Cements in the System Ms — Ma.—The reduction in 
strength of the cements with a water-cement ratio W = 0-5 as against the 
strength with a water-cement ratio W = 0-3 expressed as a percentage is 

Pe Twos — Twos x 100 

Tw,0-3 
and is shown graphically in Fig. 7. It is observed that a basic difference exists 
between Portland cements and iron-Portland cements. The iron-Portland 
cements are very sensitive to an excess of water. The reduction of strength 
values amounts to 60 to 80 per cent. Even here a minimum line appears in 
the neighbourhood of the silica modulus 1-9, where the strength reduction is 
least. In this area are the iron-Portland cements which are most insensitive 
to an excess of water. Iron-Portland cements with a larger or smaller silica 
modulus have a greater sensitiveness to water. Portland cements behave more 
favourably ; in general, they are less sensitive to an excess of water than the iron- 
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Portland cements. The strength reductions of Portland cement in the cases 
investigated amount to 50 per cent., and under ro per cent. for good Portland 
cements. The least sensitive Portland cements are those with a silica modulus 
of 2-0 to 2:1 and an alumina modulus of 2-0. With some cements of this class 
we had even smaller strengths (4 to 5 per cent.) reductions. This would there- 
fore be the region of the special Portland cements insensitive to large additions 
of water. 

The results obtained are also of great interest in practice. In Roumania 
attempts were made long ago to manufacture a special oil-well cement. The 
question was considered from a different standpoint and has only been solved 
in a roundabout way. The fluidity of a cement paste of water-cement ratio 
W = 0-6 and its hardness by the Brinell test were investigated ; the bending 
strengths agreed well with our results. 
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At first it was supposed that the alumino-Portland cements were especially 
suitable for oil-well cements as they have a high alumina modulus, and as is 
known, they can be used with a large addition of water ; the tricalciumaluminate 
acts as a water binder and uses up the surplus water in the final set. 

Soon these Portland cements (rich in alumina) were abandoned, and instead, 
as N. Nicolaescu has pointed out, in Roumania special Portland cements for oil 
wells were made on a large scale, and are characterised by the following 
qualities : 

Petroleum-well cement “‘ U ”’ of the Azuga cement works : 

Alumina modulus, M, = 2-03 to 2-16. 
Silica mm M, = 2°01 to 2:02. 
This attains a great hardness after the final set with a water-cement ratio W = 0-6 

Petroleum-well cement “S’’ of the Fieni cement works : 

Alumina-modulus, M, = 1°8 to 1-9. 

Silica ‘. Mg = 1°95 to 2-1. 
This attains a great hardness with a water-cement ratio W = 0-6 after the 
final set. 

Petroleum-well cement “ A ”’ of the Fieni cement works : 


Alumina modulus, M, = 1°75. 
Silica sy M, = 2:7. 
The cement paste has a long setting time (water-cement ratio W = 0-6). 
The oil well cements ‘‘ U ”’ and “‘S’”’ show good strengths with comparatively 
large additions of water, and they are found in the area of cements most 


insensitive to excess water. 

Considered from the standpoint of insensitivity to excess water, the petroleum- 
well cements fit easily into our system and are therefore a proof of the correctness 
of our views. Our tests disprove the opinion that cements insensitive to excess 
water must have a high alumina modulus (alumino-Portland cements). 

Influence of the Degree of Burning on the Water Sensitiveness of 
Cements.—The following kinds of cement were made from the same raw materials 
with the same composition. One part of the raw material was heated to the 
normal burning temperature of clinker corresponding to 0-5 per cent. free lime 
content, another part was heated up to the complete fusion of the clinker which 
corresponds to 0-0 per cent. free lime content. The melting was done by an 
oxy-acetylene blowpipe. The strength results with a minimum of mixing water 
and with a higher water-cement ratio are set out in Table 1, from which we see 
that the sensitiveness of the cements to excess water varies with a difference in 
chemical composition, whilst the degree of burning plays no special part, 

The Influence of the Origin of the Raw Materials on the Sensitive- 
ness to Water of the Cement.—A series of ten cements was tested. Two 
samples of every cement were made, starting with two raw materials of different 
origin (A and B in Table 2). Although the absolute strength values of the cement 
showed great fluctuations through changing the origin of the raw material, the 
sensitiveness to water (4) remained fairly constant. It seems as if the water 
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TABLE 1—INFLUENCE OF DEGREE OF BURNING ON THE 
SENSITIVENESS OF CEMENT TO LARGE ADDITIONS OF WATER. 


_Composition Bending Strength Sensitiveness 


ge| PID 
42 7 H of turning 
a | 28|~8 
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Ma 


40°4 | 13:0 


86°6 | 119 


TABLE 2—INFLUENCE OF RAW MATERIAL ON THE 
SENSITIVENESS OF CEMENT TO LARGE ADDITIONS OF WATER. 


Modus modulus 


ilica- Alumina. 
Ms 


347 | 102 


308 | 120 


28°68 | 12:2 


261 | 112 

281 | 125 
_36;8 | 16;4 

226 | 120 
287 | 169 
31:0 | 160 
340 | 145 
32-9 | 14-0 
28-8 | 176 
261 | 17-2 
28:8 | 164° 
820 | 16-4 
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sensitiveness of the cement depends chiefly on the hydraulic moduli and the 
composition, and only in a lesser degree on the origin of the raw materials. 


Additions to Cement which affect its Water Sensitiveness. 

A second way of arriving at water insensitive cements is by adding an electro- 
lyte. There are many salts which reduce the sensitiveness of cement to excess 
water. We tested the following: (1) Calcium chloride, (2) Aluminium chloride 
(3) Sodium bromide, (4) Waterglass, and (5) Chloride of magnesium, with two 
ordinary Portland cements which showed no special insensitiveness to excess 
water. 
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The problem then was to determine to what degree ordinary Portland cement 
can be made less sensitive to water by making suitable additions, and which 
additions are specially suitable for this purpose. 

The Influence of Electrolytic Additions on the Strength of Port- 
land Cement with Surplus Water.—From the two Portland cements I-cm. 
by 1-cm. by 3-cm. specimens of plastic cement paste were made with water- 
cement ratios W = 0.3 and W = 0°5 according to the method already described. 
The additions were dissolved in the mixing water and in quantities of from 0 
to 3°5 per cent. of the weight of the cement. The specimens remained 24 hours 
in damp boxes, and were then taken out of the mould and stored for 21 days 
in air at 18 deg. C. and 60 to 80 per cent relative humidity. 

The values of the miniature bending-tensile strength (Kiihl) are set out in 
Fig. 8. It is ciear tnat the effect of the electrolytic addition on the strength is 
dependent to a great extent on the water-cement ratio. All the electrolytes 
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tested, in the small quantities of 0-3 up to 0-5 per cent. of the weight of the cement 
and with a water-cement ratio of W = 0-3, have increased the bending-tensile 
strength, whilst this is reduced with a larger water addition (W = 0:5), the only 
exception being the aluminium chloride. With larger additions of electrolyte 
and a higher water-cement ratio, only the calcium chloride in quantities of 
3°5 per cent. brings about a rise of the bending-tensile strength. 

The best result is obtained with 3-5 per cent. calcium chloride ; this almost 
doubled the bending-tensile strength even with comparatively large water 
additions. 

Influence of Electrolytes on Sensitiveness of Cement to Excess 
Water.—In Table 3 the percentage reductions in strength are calculated by 
the following formula : 

4 a Twos (cement without addition) — 7w.., (cement with addition) 

Tw,o-3 (cement without addition) 
We proceeded from the strength of cement having the smallest water addition 


TABLE 3.—INFLUENCE OF ADDITIONS OF ELECTROLYTE ON THE 
SENSITIVENESS OF CEMENT TO LARGE ADDITIONS OF WATER. 
o% | 08% | 15% : 0% | os% | r5% | ¥5% 


Bending strength with water cement factor —_ = . 
W=05 | W=05 | Waos | — 


[a2 kg/cm*| 15-1 kg/cm*| 5&4 kg/cm? 25 %/, | 74 %Jo | 47° 
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Wessun | 21-0 kg/em?| 13-2 kg/cm?! 6-3 kglem*| _56 $ heen? 131 hgione 87%. | | te | 2a 28 °, 


Cement II} 20-8 kg em? | 12°4 kg/cm? | ] . 5 63°, | 67°, | 35 %o 


Mgci, [Cement I] 21-0 kg/em*!| 13-2 kg/cm?! 8:3 kg/em*| 8-0 kg/em*| 3:2 kg/em* 20% | 60%, | 62%/5 55%. 
(Cement II | 20°8 kg/cm*! 12°4 kg/cm*| 76 kg/em*| 86 kg/em*! 5-1 kg/em*| 45°, | 64°, | 60*/, | 75°, 


(water-cement ratio W = 0-3) and without electrolytic additions, and calculated 
by how much the strength of the cements is reduced with excess water and added 
electrolyte. It is to be observed that the cements without additions (W = 0.3 
to W = 0°5) showed strength reductions of 4 = 37 per cent. and 4 = 45 per 
cent. The strengths at W =o0-5 with and without additions of electrolytes 
compared with the strength of the original cement at W = 0-3 changed as follows : 
Some electrolytes have an unfavourable influence on the cements as they increase 
their sensitiveness ; among these are sodium bromide, soluble glass, and chloride 
of magnesium. Calcium chloride in small quantities (0-5 to 1-5 per cent.) acts 
unfavourably but in proportions of 3-5 per cent. it acts favourably. Aluminium 
chloride behaves just the same with an addition of 0-5 per cent. With calcium 
chloride additions in quantities of 3-5 per cent., the sensitiveness to excess water 
is practically destroyed. 

It can be stated that by suitable additions of electrolyte to the cements, even 
with comparatively large additions of water, one can obtain a strength very little 
lower than those of pure cement with the smallest additions of water. This is 
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of great practical importance as it permits working with a comparatively large 
excess of water without needing to give up those strengths obtainable only through 
the normal water addition. 

Fig. 9 shows the strength reductions (4) of the cements in relation to the 


addition of electrolyte. 
Conclusions. 


(x) Portland cements with the modulus M, = 1°8 to 2-5 and M, = 1°'5 to 
2°4 are more insensitive to surplus water than iron-Portland cement. The 
strength reductions with the water-cement ratios W = 0:3 and W = 0°5 fluctuate 
between 5 per cent. and 50 per cent. 

(2) Iron-Portland cements with an alumina modulus M, less than 1°5 are 
sensitive to excess water. Indeed iron-Portland cements of the Ferrari type 
(M, ~ 0-6) are more sensitive than the iron-Portland cements of the Kiihl type 


Sensitiveness of the cements 
with large addition of water 


Strength reduction| 
es wer- 


Adajti 
zea fe conooe 


05 : 15 
Fig. 9. 
(M, ~1-3). The sensitiveness, therefore, varies inversely as the alumina 
modulus. The least sensitiveness corresponds to a silica modulus M, = 1-9. 
The strength reductions with water-cement ratios W = 0-3 to W = 0°5 fluctuate 
between 60 per cent. and 80 per cent. 

(3) Alumino-Portland cement (alumina modulus M, greater than 2°5) is 
more sensitive to excess water than Portland cement. 

(4) The Portland cements which are the least sensitive to large water additions 
have a silica modluus of 2:00 to 2-10 and an alumina modulus of 2-00. The 
strength reduction with water-cement ratios W = 0:3 to W=o0-5 amounts 
in this class of cement to 5 per cent. to 15 per cent. 
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(5) The influence of the chemical hydraulic factors on the sensitiveness of 
the cement is greater than that of the physical factors (nature of the raw material 
and the degree of burning). 

(6) The influence of additions of electrolyte on the strength of the cement 
varies with small and large water additions. 

(7) Calcium chloride and aluminium chloride noticeably reduce the sensitive- 
ness of the cement to excess water. Calcium chloride in quantities of 3-5 per 
cent. practically causes the sensitiveness to excess water to disappear. 

(8) A connection is noted between special cements insensitive to water and 
the oil-well cement usedi n America and Roumania. 

The authors thank the Institutul Roman pentru Betoane, Constructii si 
Drumuri and the Uniunea Fabricelor de Ciment din Romania for their 
material support, and Dr. H. Albert for the samples which he placed at their 
disposal. 
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Extracting Surplus Water From Concrete. 
** VACUUM ’’ CONCRETE. 


A METHOD of withdrawing excess water added to concrete solely in order to make 
it workable has been invented by Mr. K. P. Billner, of New York. 

In this process, instead of controlling the water content at the time of mixing, 
unwanted mixing water is removed from the concrete after it has been placed in 
the shutters or moulds. At the same time the concrete is compacted and its 
absorption materially reduced. It is stated that, compared with untreated con- 
crete of the same initial water-cement ratio, vacuum concrete shows increases 
in compressive strength ranging from 40 per cent. to over 100 per cent., and that 
absorption is reduced about 30 per cent. The greatest increases in strength 
are in concretes which originally had the highest quantities of mixing water. 

The excess water is withdrawn through suction mats connected to a vacuum 
pump. The mats may constitute that part of the forms or moulds which is in 
contact with the concrete. A mat consists of a tight impermeable backing of 
rubber, wood, or metal, faced on the side towards the concrete with a filter fabric 
behind which are a series of channels or passageways, through which the extracted 


es. 


‘Flexible rubber strip 


fo form seal “against 
loss of vacuum Filter fabric (againste oncrete) 


Fig. 1. 


water can flow to the suction outlet. A typical section through a mat is shown 
in Fig. 1. In the case of rigid moulds the necessary waterways are obtained by 
attaching a light expanded metal to the face of the mould, and then stretching the 
filter cloth over the expanded metal. For horizontal surfaces strips of sheet 
rubber, .about 3 ft. by ro ft., are used, a surface pattern being selected which will 
provide the required passageways for the water withdrawn from the concrete. 
The patterned surface of the rubber is covered with the filter fabric, which is 
cemented to the edges of the sheet. A band of plain rubber around the edges 
of the mat provides a seal and prevents air leakage. 


Saving in Shutters and Moulds. 

It is stated that the process makes possible the use of much lighter forms of 
moulds than would otherwise be feasible and at the same time simplifies their 
erection. For example, in addition to the edge seals intermediate seals can be 
used in wall construction, so that a form panel 3 ft. wide and 8 ft. high might, by 
the use of cross-seals at 2-ft. intervals, be divided (in effect) into four mats each 
2 ft. high by 3 ft. long. Then, as the form is filled with concrete, the vacuum can 
be applied as soon as the concrete has reached the first seal, 2 ft. from the bottom 
of the wall, and at each succeeding 2 ft. lift in turn. As the withdrawal of water 
changes the concrete from a fluid to a solid, it ceases to exert pressure on the 
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forms, with the result that the forms need only be strong enough to withstand, 
say, a 3-ft. head of concrete, instead of the whole 8 ft. With slightly heavier studs, 
it is sufficient to hold the forms in line at the top and bottom, provided reasonable 
care is taken in placing the concrete by using open or closed chutes to avoid undue 
impact resulting from the dropping of large masses of concrete several feet. In 
this way most of the horizontal walings can be omitted, together with the -usual 
wire ties, tie-spacers, or bolts. This method was used in the construction of a 
concrete house and the wall forms were removed 3} hours after starting to place 
the concrete. 


Application of the Process. 


In constructing a floor the vacuum pump is connected to one or more headers o1 
manifolds on the floor by means of the main suction line of light steel tubing. 
Each manifold provides connections for six or eight 1-in. hose lines, leading 
to the suction mats. At the mat end of each hose line is a soft rubber cup. 


Fig. 2. 


A stopcock is located behind the cup, and is normally closed to maintain the 
vacuum in the line. As quickly as the finish is screeded off to level, the flexible 
rubber mats, about 3 ft. by ro ft., are laid on it. Each mat has one outlet hole 
in the back, about 2 ft. from the end; over this a suction cup on the end of the 
hose line is pressed ; the stopcock is opened, whereupon the vacuum instantly seals 
the cup to the mat. Similar mats are laid adjacent to and overlapping the ‘‘ seal ”’ 
of the first mat as fast as the topping is screeded off and ready for treatment, each 
mat in turn being connected to the pump by its own hose line leading to the 
manifold. Six to eight mats may be operated for about 200 sq. ft. at one time. 
The rubber cups and hose lines to the manifold are shown in Fig. 2. 


In about five minutes the stopcock on the first mat is shut, releasing the cup 
so that the mat can be picked up and moved ahead for immediate re-use. The 





PaGe 132 CEMENT AND LIME MANUFACTURE JUNE, 1939 


water content of the concrete has now been reduced by about 2 gallons per bag of 
cement, and the concrete is so hard that it can be walked upon without leaving an 
imprint. It is possible to operate with a very high vacuum—zo in. to 24 in. of 
mercury—so that the mats are subjected to an atmospheric pressure from 1,000 Ib. 
to 1,500 lb. per square foot during the operation. In the case of a 7-in. roof slab, 
placed with an 8-in. slump, this pressure compacted the concrete neatly ? in. 


Fig. 3. 


For wall construction the vacuum may be applied to one side or both, 
depending on the thickness of the wall and the speed desired. For walls not 
exceeding 12 in. thick the process need not be continued more than 20 to 30 
minutes, when the forms can be removed for reuse and the surface of the wall 
given any desired finishing treatment. The stability of the concrete is indicated 
in Fig. 3, which shows a man standing on a 4-in. wall slab 2ft. high, from which 
forms have been removed after 10 minutes’ processing. 


BINDING CASES 
“CEMENT & LIME MANUFACTURE” 


Strong binding cases for the 1938 volume of ‘‘Cement and Lime Manufacture’’ are 
now ready, price 3s. (by post, 3s. 3d.) each. These cases are cloth covered with 
the title of the journal and the date of the volume blocked in gold on the side and 
spine. If desired, we will undertake the work of binding at an inclusive charge of 
6s. plus 6d. postage: in this case the twelve numbers should be sent post paid to 
Concrete Publications, Ltd., 14, Dartmouth Street, London, S.W.1. For. the 
information of those who may wish us to complete their sets, all the 1938 numbers 
are available and can be supplied, price 1s. each. 
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Fuel Consumption of Rotary Lime Kilns. 


As the result of experiments made with the object of improving the fuel con- 
sumption of rotary lime kilns by making use of the heat contained in the waste 
gases, the “‘Stag’”’ pre-heater has been developed and manufactured by Messrs. 
Edgar Allen and Co., Ltd. This apparatus is placed in the flue for the kiln waste 
gases. Briefly it consists of an inclined grate over which the crushed stone 
gravitates from an overhead bin. The inclination of the grate is adjustable to suit 
the angle of repose of the material, and the thickness of the stone on the grate 
may also be altered in accordance with the grading. The heated stone is 
collected in a small hopper under the grate and thence fed directly into the kiln 
at the required rate by an automatic feeder. 

The pre-heater contains no moving parts. The grate is completely covered 
with stone so that no metal part is exposed to the hot gases ; by passing through 
the stone they are cooled to a temperature which is harmless to the metal. The 
rate of travel of the stone over the grate or the gravitation is controlled by the 
automatic feeder. The waste gases are exhausted through the stone on the grate 
by an induced-draught fan and the thickness of the stone is adjusted to give 
a reasonable depression in the fan suction pipe; coarsely crushed stone allows 
of a thicker layer than finer material. 


Experimental Tests. 

A “Stag’’ pre-heater was constructed 3 ft. 6 in. long and 1 ft. wide, and tests 
were carried out under conditions identical to those for a full-size kiln. The 
arrangement of the plant is shown in Fig. 1, and comprises an overhead feed 
hopper, adjustable chute, pre-heater with collecting hopper underneath, automatic 


_ feeder, and induced-draught fan. These tests were carried out in the Edgar Allen 


rotary kiln testing shop. The hot gases passed through the kiln and up into 
the pre-heater, but for greater convenience in obtaining temperature and other 
readings, the heated stone was by-passed instead of passing contra flow to the 
gases in the kiln, as would occur in a normal plant. Fig. 2 shows a lime-burning 
plant equipped with rotary kiln and “ Stag ’”’ pre-heater. 

During the tests limestone was used, which was crushed as for rotary lime 
kilns and fed at the correct rate. Hot gases were produced by an oil burner 
and the volume of gases maintained in proportion to the weight of stone passed 
through the pre-heater. The temperature of the gases was measured by a pyro- 
meter before entering the stone, and after they had passed through the stone, 
also the depression in the fan suction pipe was recorded. 

Readings were taken with gases of different temperatures varying between 
800 deg. F. and 1,400 deg. F., and it was found that by passing these through 
the stone on the grate they were reduced to between 270 deg. F. and 350 deg. F. 
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Heat Balance for Burning Lime. 


A typical heat balance for a rotary kiln with an output of 50 tons a day is as 
follows (per ton of lime) : 


B.Th.U.s 
(1) To heat 4,000 lb. raw stone from 60 deg. to 212 deg. F. 
(15.5 deg. to 100 deg. C.) 4,000 X 0.22 (212 deg. F. to 
60 deg. F.) .. a = ; of om es 133,760 
(2) To heat 5 per cent. of water (200 tb.) from 60 deg. F. to 
212 deg. F., 200 (212 deg. F. to60 deg. F.).. + 30,400 
(3) To evaporate 200 lb. of water, 200x966... Gy “ 193,200 


(4) To superheat 200 Ib. of steam to the exit gas temperature 

of 850 deg. F. (455 deg. C.), 2000.48 (850 deg. F. to 

212 deg. F.) .. a yin os ' fe Ms 61,250 
(5) To heat 4,000 lb. of raw stone from 212 ie, F. to 1,650 

deg. F. (100 deg. C. to goo deg. C.) the dissociation tem- 

perature for carbon dioxide, 4,000 x 0.23 (1,650 deg. F. 

to 212 deg. F.) os vs ws - 3 «- 1,322,960 
(6) To dissociate calcium carbonate, 4,000 x 772 a .. 3,088,000 
(7) To heat 2,240 Ib. of lime to 2,300 deg. F. (1,260 deg. C.) 

2,240 X 0.24 (2,300 deg. F. to 1,650 deg. F.), (1,260 deg. 


C. to goo deg. C.) + . is ‘ re 349,440 

(8) Radiation loss from the kiln shell, assuming effective 
insulation between the refractory lining and the kiln tube 353,050 
5,532,660 


(9) Heat in 1,760 lb. CO, at 1,650 deg. F., 1,760 x 
0.23 (1,650 deg. F. to 850 deg. F), (g00 

deg. C. to 455 deg. C.) ps ‘ 5 323,840 
(10) Heat recovered from 2,240 lb. hot ie: 2,240 
X 0.23 (2,300 deg. F. to 800 deg. F.), (1,260 

deg. C. to 426 deg. C.) ma ‘3% ih 772,800 


1,096,640 





Heat required per ton of lime - “ee ste .. 4,436,020 


The estimated B.Th.U.s have to be provided by the fuel used for firing. 
Pulverised coal of standard quality contains 12,600 B.Th.U.s per pound, but as 
the gases leave the kiln at about 850 deg. F. (455 deg. C.) part of this heat 
escapes with the gases and is ineffective. The air required for combustion is 
about 9 Ib. per pound of coal, and allowing 1 lb. of excess air the total products 
of combustion from 1 lb. of fuel would be 11 lb. The heat in 1 lb. of combustion 
gases at 850 deg. F. (455 deg. C.) may be assumed at 200 B.Th.U.s; the total 
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Fig. 1. 


heat in the waste gases is then Ir X 200 = 2,200 B.Th.U.s and the useful heat 
in the 1 Ib. of coal is 12,600 less 2,200, or 10,400 B.Th.U.s. Dividing the 
estimated figure of heat required for 4,436,020 by 10,400, the fuel consumption 
is found at 427 lb., and allowing ro per cent. for unforeseen contingencies the 
consumption of standard coal is 470 lb. per ton of burnt lime. 


Effect of Reduced Waste-Gas Temperature. 


The effect which the reduced waste-gas temperature has on the heat balance 
and on the fuel consumption may be summarised thus : 


Items 1, 2 and 3 of the heat balance are not affected. 

Item 4: The steam is superheated to the lower waste-gas temperature of 
350 deg. F. (176 deg. C.). 

Items 5, 6, 7 and 8 are not affected. 

Item g: The effect is that more heat is recovered from the CO, gas. 


Item ro is not affected. 
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Fig. 2. 


HEAT BALANCE WITH PRE-HEATER FOR RAW MATERIAL. WASTE GASES 
CooLeD TO 350 Dec. F. (176 Dec. C.). 
B.Th.U.s 
Items 1, 2 and 3 as previous estimate se es a 357,300 
Item 4: To superheat 200 lb. of steam to 350 ou, F, (176 deg. C.) 
200 x 0.48 (350 deg. F. to 212 deg. F)__... is sii Ki 13,250 
Items 5, 6, 7, and 8: As previousestimate «+ .. a .. 5,114,050 


Lhd TIER a asa MEI ho 


5,454,660 
Item 9: Heat recovered from 1,760 lb. Co, 1,760 x 
0.23 (1,650 deg. F. to 350 deg. F.), (goo deg. C. to 
176 deg. C.) .. ‘i - i's es ¥ 526,240 
Item 10: As previous estimate " 5 — 772,800 
ee — 1,299,040 


4,185,620 


The heat units required under these conditions are about 250,000 B.Th.U.s 
less than with waste gases of 850 deg. F. (455 deg. C.) temperature. 

The heat in 1 lb. of combustion gases at 350 deg. F. may be assumed at 75 
B.Th.U. and the total heat of the same is 1175, or 825 B.Th.U.s, so that tlie 
useful heat in 1 lb. of standard coal is 12,600 — 825, or 11,775 B.Th.U.s. 
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Dividing the estimated figure of the heat required (4,185,620) by 11,775, the 
fuel consumption is 356 lb., and allowing 10 per cent. for unforeseen contingencies 
the consumption of standard coal is 392 lb. per ton of burnt lime. This com- 
pares with 470 lb. previously estimated when the waste-gas temperature was 
850 deg. F. (455 deg. C.), the saving being 78 lb. of standard coal per ton of lime 
produced. 

Against the saving in coal, the power for driving the induced-draught fan has 
to be accounted for. This will depend on the size of the kiln ; for a 50-ton capacity 
plant it will be about 14 h.p. and for a plant of 100 tons per day output about 
28 h.p. 

———__—— 


Progress in Fuel Economy. 


A REPORT entitled “ Fuel Efficiency tn Cement Manufacture, rqoq-1q35 ”’ has 
been issued by the United States Bureau of Mines. 

It is stated that the average energy consumption, either as fuel or the fuel 
equivalent to power, was reduced from 189 lb. per barrel of cement in 1914 to 
159 lb. per barrel in 1935. Reviewing the progress made in the twenty-five 
vears covered by the survey, the report points out that when the increased fuel 
efficiency of central power stations is included in the trend the energy con- 
sumption in the cement industry declined by 27 per cent., or from about 193 lb. 
of coal and coal equivalent per barrel of cement in Ig14 to 141 Ib. in 1935, as 
compared with the reduction of 16 per cent. shown when the influence of the 
higher efficiency of power plants is excluded. The difference between these 
two trends is due to a more rapid improvement in fuel consumption by central 
power stations than in cement works, and by the fact that a large amount of 
electric energy is consumed by cement plants, about half of which is purchased. 
Between 1919 and 1935 the consumption of fuel in the production of one 
kilowatt-hour of electricity at central power stations decreased by 55 per cent., 
while in the same period the consumption of fuel and purchased electricity 
(converted to fuel through the use of a constant factor) decreased by only 
15 per cent. per barrel of cement. 

Cement plants that use the hot exit gases from kilns to generate electricity 
by the use of waste-heat boilers consume less fuel than those which generate 
electricity in separate fuel-burning power plants. 

Kiln coal consumption on wet process plants has decreased by 19:2 per cent. 
from 1927 to 1935, compared with 8-2 per cent. for all plants. 

Commenting on the length of kilns, the report states that in 1925 only 
7 per cent. of kilns were over 200 ft. long, whereas in 1935 I5 per cent. were 
over 200 ft. long. It is found that unless the length is increased in a greater 
ratio than the diameter fuel efficiency is not increased. 

Another important contribution to efficiency is the introduction of the slurry 
filter, with which it has proved possible to reduce the moisture content to 
15 per cent. or Ig per cent. 
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Recent Patents 
Relating to Cement. 


Cements. 

499,855. Electric Smelting and Alu- 
minium Co. April 27. 1937. 

Cement clinker is made by sintering 
with a calcium compound, such as lime- 
stone, the insoluble residue left after 
leaching out sodium aluminate from a 
comminuted sinter produced by burning 
a compound of silica and alumina, e.g. 
kaolin, with calcium and sodium com- 
pounds, e.g. limestone and soda ash, and, 
if desired, a further aluminium compound 
e.g. sodium aluminate. The materials 
may be ground more finely before the 
first sintering step than before the subse- 
quent leaching. The leaching may be in- 
complete to leave some sodium aluminate 
in the insoluble residue, if a cement with 
a high alumina content is required. In 
both sintering steps the materials may 
be burnt dry, moist, or as aslurry. The 
insoluble residue from the first sintering 
may be treated with calcium chloride 
to ensure removal of sodium. 

Refractory Concretes. 

496,861. General Refractories, Ltd., 
and W .E. Hemmings. March 21, 1938. 

A refractory concrete comprises alumin- 
ous cement and an aggregate consisting 
of china clay which has been rendered 
porous by mixing with granular com- 
bustible material, such as sawdust, and 
burning. The aggregate may be made 
by mixing 40 parts by volume of china clay 
with 60 parts of sawdust and moulding 
into bricks, which are burnt, and crushed 
to suitable size. The concrete will with- 
stand temperatures up to Seger cone 26. 

Portland Cement. 

497,230. C. E. Every (F. L. Smidth 
and Co Aktieselskab). June 14, 1937. 

In improving the composition of cement 
raw materials for burning, the material 
is divided into two parts, the first part 
being reduced to the size for burning 
while the second part is ground in a mill 
and passed to a separator some or all of 
the coarse fraction being returned to the 
mill and some or all of the fine fraction 
being subjected to froth flotation, the 
concentrate being dewatered and ad- 
mixed with the first part of the starting 
material. Preferably the concentrate and 
first part are admixed by grinding to- 
gether. 
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MISCELLANEOUS ADVERTISEMENTS. 


SCALE OF CHARGES. 
Situations Wanted, 1d. a word: mini- 
mum 2s. 6d. Situations Vacant, 14d. a 
word: minimum 4s. Box number 6d. 
extra. Other miscellaneous advertise- 
ments, 14d. a word, 4s. minimum. 


Advertisements must reach this office by 
the 5th of the month of publication. 


SITUATION VACANT 


LIBRARIAN AND ABSTRACTOR. 
The Associated Portland Cement 
Manufacturers, Ltd., require for their 
Research Laboratories, Gravesend, the 
services of a Librarian with good know- 
ledge of German and experience in 
abstracting. Applications stating age, 
experience and salary required should 
be addressed to The A.P.C.M., Ltd., 
Works Dept., Portland House, Tothill 
Street, S.W.1. 
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THE MOST UP-TO-DATE AND AUTHORITATIVE WORK ON 


PORTLAND CEMENT 


MANUFACTURE e CHEMISTRY e TESTING 


A C. DAVIS 


MAMECTEE., °F: C.3. 


The author isWorks Managing Director of the Associated Portland Cement 
Manufacturers Limited, the largest group of cement manufacturers In 
Great Britain, and in this important volume the reader is given the 
benefit of his unrivalled practical knowledge of every phase of cement 
manufacture. 


The subject is exhaustively dealt with from the selection and winning 
of raw materials to methods of packing and despatching cement. 


Throughout the volume the reader will find vaiuable information not 
previously published or available elsewhere. 


420 PAGES 280 ILLUSTRATIONS 30 TABLES 


This book thoroughly discusses and analyses: 


Modern manufacturing methods and or- 
ganisation. 

Formation and nature of cement raw materials 
throughout the world. 

Factors governing choice of materials and 
manufacturing processes. 

Advantages of dry and wet processes. 


Raw material and clinker grinding problems: 
Advantages and disadvantages of 
different types of machinery. 


Developments in clinker burning, with notes 
on improving efficiency of the rotary kiln, 
comparative methods of coal feed, slurry 
drying, and kiln control. 


Exact control of all aspects of the burning 
operation. 


Unit system of coal pulverisers in supply of 
coal to rotary kilns. 


Reactions in burning cement. 


Price 30s. net. 


Rotary kiln heat ‘balances and the method 
obtaining them. 


Conservation of heat in rotary kilns. 


Advantages and economies of the purchase 
of electricity compared with power 
generation at the factory. 


Modern methods of packing and despatching 
cement. 
Production costs. 


Mineralogy and chemistry of cement. 


Full descriptions of methods of sampling and 
testing cement, with discussions on the 
theory and practice of various tests. 


Review of investigations into theory of setting 
and methods of control: Advantages and 
peculiarities of rapid hardening and 
generation of heat. 


Causes of concrete failures and methods of 
avoiding them. 


By Post 31s. 
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